Attorney's Docket No.: 16641-002001 



APPLICATION 
FOR 

UNITED STATES LETTERS PATENT 



TITLE: EXPANDABLE STENT 

APPLICANT: GEORGE TZONG-CHYI TZENG 



CERTIFICATE OF MAILING BY EXPRESS MAIL 
Express Mail Label No. EV382044763US 

March 9. 2004 

Date of Deposit 



Attorney Docket: 16641-002001 



Expandable Stent 

BACKGROUND 

[0001] This invention relates to expandable stents. 

[0002] A multi-loop expandable stent can be implanted in 
arteries or body passageways to treat strictures or to prevent 
5 occlusion. The stent can also be used to deliver therapeutic 

agents to lesion sites. The stent is initially collapsed and has 
a smaller cross section to allow easy insertion into the artery 
or body passageways. An inflatable balloon or an expandable 
device is placed within the stent, and after the stent is 
10 positioned at the proper location in the artery or passageways, 
the balloon or the expandable device expands the stent. When the 
balloon or expandable device is retracted, a passageway is 
formed by the expanded stent . 

SUMMARY 

15 [0003] In general, in one aspect, the invention features a 

method that includes generating a medical apparatus by providing 
a coil including a plurality of primary loops along a 
longitudinal direction, and for each of one or more of the 
primary loops, forming a secondary loop on the primary loop. 

20 [0004] Implementations of the invention may include one or 
more of the following features. 

[0005] The coil includes a helical coil. 

[0006] Forming the secondary loop on the primary loop 
includes twisting a portion of the primary loop to form the 
25 secondary loop. 
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[0007] Twisting a portion of the primary loop includes 
gripping a portion of the primary loop using a clip and rotating 
the clip to twist the portion of the primary loop. 

[0008] The clip includes magnetized portions having different 
5 polarities. 

[0009] The magnetized portions are disposed at the tips of 
the clip that contact the primary loop or the secondary loop. 

[0010] The clip includes tips that contact the primary loop 
and handles that allow manipulation of the clip, the magnetized 
10 portions being disposed at the handles. 

[0011] The method includes, for each of one or more primary 
loops, using a clip to grip a portion of the primary loop and 
rotating the clip to twist the portion, and aligning the clips 
of different primary loops so that a magnetized portion of a 
15 clip having a first polarity is aligned with a magnetized 
portion of an adjacent clip having a second polarity. 

[0012] The method includes moving the coil relative to the 
clip and using, the clip to twist each of the one or more primary 
loops in turn to form a corresponding secondary loop. 

20 [0013] The method includes positioning the coil about a 
helical groove of an elongated member, and moving the coil 
relative to the clip by rotating the elongated member. 

[0014] Twisting a portion of the primary loop to form the 

secondary loop includes gripping a portion of the primary loop 
25 using a hook and rotating the hook to twist the portion of the 
primary loop. 
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[0015] After formation of the secondary loop, the combination 
of the primary loop and the secondary loop has a dimension that 
is smaller or equal to a dimension of the primary loop prior to 
formation of the secondary loop, the dimensions being measured 
5 along a lateral direction at an angle to the longitudinal 

direction, the dimension of the combination of the primary loop 
and the secondary loop being defined as the diameter of a 
bounding circle of the primary and secondary loops, and the 
dimension of the primary loop being defined as the diameter of a 
10 bounding circle of the primary loop. 

[0016] The secondary loop includes a peripheral loop. 

[0017] The secondary loop includes an endoloop. 

[0018] The method includes inserting an elongated member into 
the coil, for each of the one or more primary loops, urging a 
15 first portion of a primary loop towards the elongated member to 
• cause a second portion of the primary loop to move away from the 
elongated member, providing more space to manipulate the second 
portion of the primary loop to form the secondary loop. 

[0019] The coil includes at least one of biodegradable 
20 polymeric material, non-biodegradable polymeric material, metal 
alloy, and ceramic material. 

[0020] The method includes, for all of the primary loops, 
forming a secondary loop on the primary loop. 

[0021] After formation of the secondary loop, the medical 
25 apparatus has a dimension that is bound by a first bounding 

cylinder, which is smaller than a second bounding cylinder that 
bounds the coil prior to formation of the secondary loops. 
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[0022] The method includes forming two or more secondary- 
loops for each of the one or more primary loops. 

[0023] The secondary loop may include a closed loop or a 
partially open curve that does not form a closed loop. 

5 [0024] The method includes attaching a fiber to a primary 
loop after formation of a corresponding secondary loop to 
maintain the shape of the primary and secondary loops, the fiber 
extending in the longitudinal direction. 

[0025] Attaching the fiber to the primary loop includes 
10 injecting a first gas stream towards the fiber and a portion of 
the primary loop to heat the fiber and the portion of the 
primary loop. 

[0026] The first gas stream is configured to heat the fiber 
and the wire to a temperature close to but lower than the 
15 melting point of the fiber and/or primary loop cause the fiber 
and/or the portion of the primary loop to soften. 

[0027] The first gas stream includes an intermittent gas 
stream. 

[0028] The method includes urging the fiber against the 
20 portion of the primary loop. 

[002 9] Urging the fiber against the portion of the primary 
loop includes using a second gas stream to urge the fiber 
against the portion of the primary loop, the temperature of the 
second gas stream is configured to cause the fiber and the 
25 heated portion of the primary loop to solidify. 

[0030] The method includes using a laser beam to heat the 
fiber and the portion of the primary loop. 
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[0031] The method includes winding a wire around an elongated 
member to form the coil. 

[0032] The elongated member has a longitudinal axis and a 
cross-section having a circumference with first portions that 
5 are bound by a first bounding circle and second portions that 
are bound by a second bounding circle, the second bounding 
circle being within the first bounding circle. 

[0033] Winding the wire around the elongated member causes 
each of the one or more primary loops to have first portions 
10 that are bound by the first bounding circle and second portions 
that are bound by the second bounding circle. 

[0034] The method includes forming the secondary loop from 
one of the first portions of the primary loop. 

[0035] Providing the coil includes cutting an elongated tube 
15 along a helical path. 

[0036] The helical path has a variable pitch. 

[0037] A longitudinal axis of the helical path substantially 
coincides with a longitudinal axis of the elongated tube. 

[0038] The elongated tube includes at least one of 
20 biodegradable polymeric material, non-biodegradable polymeric 
material, metal alloy, ceramic material, and composite 
materials . 

[0039] Cutting the elongated tube includes directing a laser 
beam along a helical path on the surface of the elongated tube 
25 to cut the tube into the coil . 
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[0040] Cutting the elongated tube includes directing a liquid 
jet along a helical path on the surface of the elongated tube to 
cut the tube into the coil. 

[0041] Cutting the elongated tube includes using a roller 
5 blade to cut the tube. 

[0042] Cutting the elongated tube includes using more than 
one roller blades to cut the tube to simultaneously produce more 
than one coil . 

[0043] Cutting the elongated tube includes using a knife 
10 having a cutting tip with curved edges. 

[0044] The method includes treating the coil after cutting so 
that the surface of the coil becomes smoother. 

[0045] Treating the coil includes heating and softening the 
coil to reduce edges on the coil. 

15 [0046] The elongated tube has a diameter in a range from 0.5 
to 80 mm. 

[0047] The elongated tube has a cross section having at least 
one of circular, oval, triangular, square, and rectangular 
shape . 

20 [0048] The elongated tube has a cross-section having a 

circumference with first portions that are bound by a first 
bounding circle and second portions that are bound by a second 
bounding circle, the second bounding circle being within the 
first bounding circle. 

25 [0049] Providing the coil includes extruding a material from 
a container to form the coil. 
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[0050] The method includes moving the container in a 
specified motion to form a coil having a circular, oval, 
triangular, rectangular, or polygonal cross section. 

[0051] In general, in another aspect, the invention features 
5 a method that includes generating a medical apparatus having a 
small -dimension state and a large-dimension state, the small - 
dimension state being formed by providing a coil including a 
plurality of primary loops positioned along a longitudinal 
direction, for each of one or more of the primary loops, forming 
10 one or more secondary loops on the primary loop, and attaching 
one or more longitudinal fibers to the primary loops to tend to 
maintain the relative positions of the primary loops in the 
small -dimension state and the large-dimension state. 

[0052] In general, in another aspect, the invention features 
15 a method that includes generating a medical apparatus having a 
small -dimension state and a large-dimension state, including 
extruding a material from a container and moving the container 
in a specified motion so that extruded material forms a coil 
including a plurality of primary loops positioned along a 
20 longitudinal direction, each of one or more of the primary loops 
having one or more secondary loops, and attaching one or more 
longitudinal fibers to the primary loops to tend to maintain the 
relative positions of the primary loops in the small -dimension 
state and the large-dimension state. 

25 [0053] Implementations of the invention may include the 

following feature. The material includes shape memory alloy. 

[0054] In general, in another aspect, the invention features 
a method that includes providing a coil having primary loops, 
each of one or more primary loops having one or more peripheral 
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loops; and bending one of the peripheral loops towards a central 
portion of the coil to form an endoloop. 

[0055] In general, in another aspect, the invention features 
an apparatus that includes an expandable medical apparatus 
5 including a coil having a plurality of primary loops positioned 
along a longitudinal direction, each of one or more of the 
primary loops having one or more secondary loops on the primary 
loop, the distance between adjacent primary loops being 
different at different portions of the coil. 

10 [0056] Implementations of the invention may include one or 
more of the following features. 

[0057] The apparatus includes one or more longitudinal fibers 
attached to the primary loops to tend to maintain the relative 
positions of the primary loops. 

15 [0058] The coil includes at least one of biodegradable 

polymeric material, non-biodegradable polymeric material, metal 
alloy, ceramic material, and composite material. 

[0059] A first portion of the coil where adjacent primary 
loops are spaced apart at smaller distances has a larger 
20 resistance to deformation due to pressure exerted from outside 
of the coil, as compared to a second portion of the coil where 
adjacent primary loops are spaced apart at larger distances. 

[0060] In general, in another aspect, the invention features 
an apparatus that includes means for supporting a tube, means 
25 for cutting a tube to form a coil having primary loops, and 

means for forming one or more secondary loops from each of one 
or more primary loops. 
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[0061] Implementations of the invention may include one or 
more of the following features. 

[0062] The supporting means includes a rod that is inserted 
into the tube. 

5 [0063] The supporting means includes an elongated screw that 
in inserted into the tube, the elongated screw having sharp 
edges . 

[0064] The supporting means includes a plurality of knives, 
each having curved cutting edges. The cutting means includes two 
10 or more knives positioned side-by-side to cut the tube 
simultaneously. 

DESCRIPTION OF DRAWINGS 

[0065] FIGs. 1A and IB show peripheral expandable stents. 

[0066] FIGs. 2A-2C show the transition of the stent from a 
15 small -dimension state to a large-dimension state. 

[0067] FIG. 3 shows an endoloop stent that includes primary 
loops and secondary loops. 

[0068] FIG. 4 shows a bifurcated stent. 

[0069] FIGs. 5A-5C show a coil formed by winding a wire 
20 around a cylinder. 

[0070] FIGs. 6A-6B show a coil formed by cutting a tube along 
a helical path. 

[0071] FIG. 7 shows a cross section of the coil that is 
rounded to form a circular shape after being cut from the tube. 
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[0072] FIGs. 8A-8C show tubes and coils having different 
cross sections. 

[0073] FIGs. 9A-12J show formation of secondary loops. 

[0074] FIGs. 13A-13C show formation of endoloops . 

[0075] FIGs. 14A, 15A, and 16A show apparatus for cutting a 
tube . 

[0076] FIGs. 14B, 15B, and 16B-16D show cross sections of 
coils formed by using different types of knives to cut the tube. 

[0077] FIGs. 17 and 18 show material being extruded from a 
container to form coils. 



DETAILED DESCRIPTION 

[0078] Referring to FIG. 1A, a multi-loop expandable stent 
100 includes a coil 101 having twelve primary loops 102, each 
including three secondary loops 104 . The primary loops 102 are 
positioned along a longitudinal direction of the stent 100. 
Longitudinal fibers 106 are attached to the primary loops 102 to 
provide support and to maintain the overall structure of the 
stent 100 as the stent is inserted into body lumens. 

[0079] FIG. IB shows the configuration of a primary loop 102 
and its three secondary loops 104. The primary loop 102 includes 
the structure formed by segments A-B, B-C, C-D, D-E, F-F, F-G, 
and G-H. The secondary loops 104 include the structure formed by 
segments B-C, D-E, and F-G. A secondary loop 104 can be an open 
curve, so that points B and C (or points D and E, or points F 
and G) do not overlap. Conversely, a secondary loop 104 can be a 
closed loop, so that points B and C overlap. 

10 
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[0080] The coil 101 has an outer dimension defined as a 
diameter of an outer bounding circle 107, which is the smallest 
outer circle that bounds the primary loop 102, including the 
secondary loops 104. The coil 101 has an inner dimension defined 
5 as a diameter of an inner bounding circle 105, which is the 
largest inner circle that can be bound by segments of the 
primary loop not forming the secondary loops, such as segments 
A-B, C-D, E-F, and G-H. 

[0081] In one example, the coil 101 and the fibers 106 are 
10 made of polymers, which can be biodegradable or non- 
biodegradable. Other materials, such as metal alloy, ceramic or 
composite materials, can also be used for the coil 101, the 
fibers 106, or both. Examples of biodegradable polymers include 
poly (L-lactic acid) and related co-polymers, such as 
15 poly (lactic-co-glycolic acid) (PLGA) and poly (epsilon- 
caprolactone and 1-lactic acid) . An example of a non- 
biodegradable polymer is expanded polytetraf luoroethylene 
(ePTFE) . Examples of metal alloys include stainless steel and 
cobalt -chromium. An example of a ceramic material is titanium- 
20 nitride-oxide. An example of a composite material is 
poly (ethylene oxide) /polyurethane . 

[0082] FIGs. 2A-2C show the transition of the stent 100 from 
a small -dimension (collapsed) state (as shown in FIG. 1A) to a 
large-dimension (expanded) state. Only one primary loop and 

25 three secondary loops are shown. A balloon 108 is inserted into 
the primary loop 102 (FIG. 2A) . As the balloon 108 inflates 
(FIG. 2B) , the dimensions of the secondary loops 104 are reduced 
while the dimension (inner dimension and outer dimension) of the 
primary loop 102 is increased. When the balloon 108 is fully 

30 expanded (FIG. 2C) , the secondary loops 104 disappear, leaving 

only an expanded primary loop 102. 
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[0083] In one example, prior to balloon expansion, the 
primary loop 102 has an inner dimension ranging from 0.05 mm to 
70 mm, and each secondary loop 104 has a diameter ranging from 
0.01 mm to 50 mm. To illustrate the variation in dimension of 
5 the stent, a bounding cylinder that bounds the outer edges of 
the stent is used to represent the size of the stent. As shown 
in FIG. 2A, the stent 100 is bound by a bounding cylinder 109a 
(shown in dashed line) , which can have a diameter ranging from 
0.05 mm to 85 mm, depending on the sizes of the secondary loops 

10 and the inner dimensions of the primary loops. This allows the 
stent 100 to pass through a body lumen having a diameter of 
large than 0.1 mm. As the balloon 108 inflates, the diameter of 
the bounding cylinder increases, as represented by 109b and 109c 
in FIGs. 2B and 2C, respectively. When the stent is fully 

15 expanded, the bounding cylinder 109c has a diameter ranging from 
0.11 mm to 100 mm, depending on the number of the secondary 
loops and the size of the stent. 

[0084] Comparing FIGs. 2A and 2C, the stent (in its small- 
dimension state) can be inserted into a body passageway having a 
20 dimension smaller than the bounding cylinder 109c and larger 
than the bounding cylinder 109a. By expanding the stent, the 
passageway can be expanded to have a dimension comparable to the 
bounding cylinder 109c. 

[0085] In the example shown in FIGs. 1A and IB, the secondary 
25 loops 104 are peripheral loops positioned outside of the space 
109 formed by other portions (e.g., segments A-B, C-D, E-F, and 
G-H) of the primary loops 102. Referring to FIG. 3, an example 
of an endoloop stent 110 includes primary loops 102 and 
secondary loops 112 that are endoloops positioned within the 
30 space 111 formed by other portions of the primary loops 102. 
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[0086] Referring to FIG. 4, an example of a bifurcated stent 
120 includes a first arm 122, a second arm 124, and a third arm 
126. The first arm 122 includes a first coil 128 and a second 
coil 130. The first and second coils overlap in the first arm 
5 122, and bifurcates to form the second arm 124 and the third arm 
126. Each of the first and second coils have primary loops 
(e.g., 132) and secondary loops (e.g., 134). The stent 120 can 
be used at a junction of two arteries. 

[0087] The following describes different methods of forming a 
10 coil, which can be used to generate a stent having primary loops 
and secondary loops (e.g., peripheral loops or endoloops) . 

[0088] Referring to FIGs. 5A-5C, a straight wire 140 is wound 
around a cylinder 144 in a helix (FIG. 5B) to form a coil 142 
(FIG. 5C) . The wire can be made of polymeric materials 

15 (including biodegradable and non-biodegradable polymers) , 
metallic materials, or ceramic materials that have proper 
diameter with suitable strength. In FIG. 5C, the helix has a 
pitch "p" that refers to the distance between adjacent primary 
loops. The pitch can be constant throughout the length of the 

20 coil, or be variable. 

[0089] When a stent has a fixed pitch, the strength of the 
stent after expansion is constant along its longitudinal axis. 
Such a stent is useful when applied to a lesion site that has 
uniform morphology. 

25 [0090] By using a stent having variable pitch, the stent can 
have stronger structures at specific sections of the stent. The 
portion of the stent with a smaller pitch will be stronger than 
a portion with a larger pitch. The smaller-pitch portion has a 
greater resistance to deformation due to force exerted on the 
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coil, either from outside of the coil towards the inside, or 
from inside of the coil towards the outside along a radial 
direction. The smaller-pitch section can be placed at a narrower 
lesions of the artery to provide greater support strength. 

5 [0091] Referring to FIGs . 6A-6B, a coil can be made by 

cutting a tube 146 along a helical path 148 extending from one 
end 150 of the tube 146 to another end 152 of the tube. The tube 
can be cut using a thin blade or a laser beam, or a high- 
pressure liquid jet, or using a combination of the above. When a 

10 liquid jet is used, the liquid can be water or a solvent that 

can dissolve the tube material. An advantage of using the liquid 
jet is that, the liquid jet cuts the tube without heating the 
tube material (which may cause the material property to change) . 
The liquid can also be liquid nitrogen, liquid carbon dioxide, 

15 or liquid argon, etc. By using liquid state of materials that 
become gas at room temperature, there will be no residual 
material after the cutting process is completed. FIG. 6B shows 
the coil 148 after the tube 144 has been cut. 

[0092] The helical path 148 can have a fixed pitch or a 
20 variable pitch. When a variable pitch is used, the stent can 
have stronger structures at specific sections of the stent. 

[0093] In the example of using a thin blade to cut the tube, 
the blade can be mounted on an L-shaped knife. The longer leg of 
the L-shaped knife is held against the tube for support, and the 
25 shorter leg of the L-shaped knife includes the thin blade that 
cuts into the tube. In one example, the tube is stationary, and 
the blade follows a helical path to cut the tube. In another 
example, the tube is rotated, and the blade moves relative to 
the tube in the longitudinal direction to cut the tube. 



14 



Attorney Docket: 16641-002001 



[0094] Referring to FIG. 14A, another way to cut the tube 146 
is to insert a rod 3 00 into the tube 14 6, and use one or more 
sharp knives 3 02, such as roller knifes, to cut through the tube 
material. The cross section of the rod 300 depends on the cross 
5 section of the tube 146. For example, if the tube 146 has a 

triangular cross section, the rod 300 would have a triangular 
cross section. Similarly, if the tube 146 has a circular cross 
section, the rod 300 would have a circular cross section. The 
rod 300 prevents the knife 302 from cutting through the other 

10 side of the tube and provides support during the cutting 
process. The sharp knives 302 are attached to a motor 304 
through a shaft 306. The knives 302 are initially positioned 
above the tube, then pushed down along a direction represented 
by arrow 310 so that the knives 3 02 press into the tube 

15 material. The motor rotates the knives 302 in a direction 
represented by the arrow 308. 

[0095] The rod 3 00 also rotates along a direction represented 
by an arrow 312, which is opposite to the direction represented 
by arrow 3 08 (one being clockwise, the other being counter- 

20 clockwise) . The rod 3 00 also moves along a direction represented 
by arrow 314, which is parallel to the longitudinal axis of the 
tube 146. The combination of the movement in the direction 314 
and rotation in the direction 312 causes the knives 302 to cut 
the tube material along one or more helical paths. The speed at 

25 which the rod 300 move along direction 314 determines the pitch 
of the coil. 

[0096] If one sharp knife 302 is used, one coil will be 
produced. If two sharp knives 302 are used, two coils will be 
produced at the same time. If three sharp knives 3 02 are used, 
30 three coils will be produced at the same time, and so forth. 
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[0097] FIG. 14B shows a knife 302 cutting into the tube 

material. When the knife 3 02 has straight edges, the cross 

section 316 of the coil will have a near-rectangular or 
trapezoidal shape. 

5 [0098] Referring to FIG. 15A, in another example, a screw 320 
with sharp tips 322 is inserted into the tube 146. The size of 
the tube is selected to be large enough to accommodate the screw 
320. The screw 320 can be replaced by roller blades mounted on a 
shaft . 

10 [0099] Referring to FIG. 15B, as the knife 302 presses into 
the tube 146, the tube is cut from both sides. When the knife 
302 and the screw tip 322 have straight edges, the cross section 
324 of the coil will have a hexagonal shape. 

[0100] Referring to FIG. 16A, in another example, circular 
15 blades 332 having curved cutting edges are inserted into the 
tube 146. Circular blades 330 having curved cutting edges 336 
are connected to the motor 304 through the shaft 306. As shown 
in FIGs. 16B to 16D, when the outer blades 330 and the inner 
blades 332 cut into the tube, the resulting coil will have a 
20 cross section 338 having an oval or circular shape. 

[0101] Using blades with curved edges is useful when 
producing coils that have a larger cross section. For example, 
the outer diameter of a stent for use in the colon can be about 
80 mm, and the thickness of the tube for producing the coil can 
25 be more than 1 mm. The coil, after being cut from the tube, will 
already have an oval or circular shape, making it easier to 
smooth the surface of the coil by using a solvent or by heating 
the coil. 
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[0102] Referring to FIG. 7, the cross section 160 of the coil 
14 8 (FIG. 6B) may have a rectangular shape, hexagonal, or oval 
shape, depending on the shape of the tip of the cutting knife. 
After being cut from the tube 146, the surface of the wire may 
5 have corners (e.g., 164). Applying heat to partially melt the 

coil 148 can make the cross section smoother, or rounder without 
corners, as shown in the cross section 162. This allows the 
stent 100 to pass through body lumens more easily. A stent 
having a smoother surface, when inserted into a blood vessel, 
10 will cause less turbulence in the blood stream. 

[0103] The surface of the coil can also be made smoother by 
using solvent treatment. The coil is immersed into a solvent, 
either in liquid or vapor form, which causes the outer surface 
of the stent to be dissolved. Due to the surface tension of the 
15 solvent, a rounder edge will be form. After a preset time, heat 
is applied to evaporate the solvent. 

[0104] In FIGs. 6A-6B, the tube 146 has a circular cross 
section, and the coil 148 cut from the tube has circular-shaped 
primary loops. Tubes having other shapes of cross sections can 
20 also be used. For example, as shown in FIG. 8A, a tube 170 

having an oval cross section 172 can be cut into a coil 174 with 
oval primary loops. In another example, as shown in FIG. 8B, a 
tube 180 having a triangular cross section 182 can be cut into a 
coil 184 with triangular primary loops. 

25 [0105] In another example, as shown in FIG. 8C, a tube 190 

with a user-defined cross section 192 can be cut into a coil 194 
having primary loops with the user-defined shape. A feature of 
the shape 192 is that portions 195 are closer to the center 196 
of the cross section, and portions 197 are farther from the 

30 center 196. The center 196 is defined as the center of an inner 
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bounding circle 198 of the cross section 192. This configuration 
allows a user to more easily manipulate the coil because when an 
elongated member is inserted into the coil for support, there 
will be more space between the elongated member and the portions 
5 197, so that it is easier to twisting the portions 197 to form 
the secondary loops . 

[0106] The polymeric materials used to make the wire 140 or 
tubes 146, 170, 180, and 190 can incorporate drugs, such as 
antioxidant, antiplatelet, anti- inflammation, ant i -smooth muscle 

10 proliferation, cytokine antagonizer, vessel dilator, 

extracellular matrix metalloproteinase inhibitor, and immune 
depressant type pharmaceutical agents, with polymer in extrusion 
or injection. For example, in the process of making wire 14 0, or 
tube 146, 170, 180 and 190, the drugs mentioned above are first 

15 compounded with polymer resins. Compounded polymer-drug 

materials are then used for the melting extrusion and injection. 
The extruded or injected products are then drawn to reach 
mechanical strength requirement. The surface of the stents, 
including polymeric, metallic, or ceramic stents, can also be 

20 modified or coated with drug reservoirs to carry, for example, 
DNAs, RNA interference (siRNAs, miRNAs, stRNAs, or shRNAs) 
peptides, and proteins for specific therapeutic functions. 

[0107] Referring to FIGs. 9A-9D, the coils 142, 148, 174, 

184, and 194 can be manipulated to produce multiple secondary 

25 loops. In the description below, only one primary loop is shown 
(FIG. 9A) . In the first method, three clips 200 (or grippers, 
hooks) are used to grip portions A-B, C-D, and E-F of a primary 
loop 143 (FIG. 9B) . The spacing between the clips 200 can be 
even or uneven, and the number of the clips is not limited to 

30 three. A rod 202, either with an expandable or fixed 

circumference, is inserted into the primary loop 143 for 
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support.. The cross section of the rod 202 can have a shape of, 
for example, a circle, a triangle, a square, a rectangle, an 
oval, or a polygon. 

[0108] Referring to FIGs. 9B-9C, the three clips 200 (or 
5 grippers, hooks) are simultaneously or sequentially rotated to 
twist the segments A-B, C-D, and E-F of the primary loop 143 to 
form three secondary loops 204. The clips can rotate, for 
example, 90 degrees, to from open curve secondary loops. The 
clips can rotate, for example, 180 degrees, to form closed 
10 secondary loops. The number of secondary loops 204 is determined 
by the number of clips 2 00. 

[0109] Referring to FIG. 9D, three longitudinal fibers 206 
are attached to the exterior of the primary loop 208. Referring 
to FIG. 9E, After the longitudinal fibers 206 are secured, clips 
15 200 are released, resulting in a stent 210 having three 

secondary loops 204 corresponding to each primary loop 208. The 
secondary loops 204 will be folded down about 90 degrees along 
the direction of the longitudinal axis of the stent and put into 
a thin sleeve or cylinder to hold the shape. 

20 [0110] To produce a stent with endoloops, the primary loops 
are stretched in sequence along its longitudinal axis, and the 
secondary loops are folded more than 90 degree one by one. 
After the secondary loops are folded, the stretched primary 
loops are placed back to its original shape, with the secondary 

25 loops inside the primary loops. In this example, the rod 202 is 
designed so that its circumference is adjustable. Initially, 
when the secondary loops are formed according to the process 
shown in FIGs. 9B-9D, the rod is in an expanded state. Prior to 
folding the secondary loops into endoloops, the rod 2 02 is 

30 changed to a collapsed state with a smaller circumference. The 

19 
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rod 202 is removed after the stent 210 is placed into a storage 
package, sleeve or cylinder, (not shown) . 

[0111] A second method of forming the secondary loops 204 is 
shown in FIGs. 9F and 9G. Referring to FIG. 9F, a set of blocks 
5 212 are used to urge portions (e.g., 214) of the primary loop 
143 toward the rod 202. When portions 214 of the primary loop 
143 is urged towards the rod 202, portions 216 of the primary 
loop will extend outwards (as compared to the dashed line 218 
showing the original position of the primary loop. This results 
10 in a larger space 230 between portions 216 and the rod 202, 

making it easier for the clips 200 to manipulate the portions 
216 to form the secondary loops. 

[0112] Referring to FIG. 9G, the clips 200 are rotated to 
form the secondary loops 204. Longitudinal fibers are attached 
15 to the outer side of the primary loop 208, and the clips are 
released, resulting in a stent having primary loops and 
secondary loops (similar to the process shown in FIGs. 9C to 
9E) . The method shown in FIGs. 9F and 9G can be used when the 
diameter of the primary loop 143 is small. 

[0113] An advantage of using the method of FIGs. 9F and 9G is 
that the stent has a circular cross section when expended, while 
at the same time, the coil is easy to manipulate to form the 
secondary loops. Circular shaped stents tend to have stronger 
structures, as compared to non-circular shaped stents, such as 
the one shown in FIG. 8C. Circular stents are suitable for most 
body passageways, such as the artery, which have circular cross 
sections. If a particular body passageway has a non-circular 
cross section, a coil can be made from a tube having a cross 
section with the non-circular shape. A stent formed by the coil 
will conform to the contours of the passageway after expansion. 

20 
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[0114] FIGs. 10A-10F show a process of using a coil 194 with 
primary loops having a user-defined shape that allows easier 
manipulation of the primary loop by using clips. Coil 194 has 
portions 197 farther away from a longitudinal axis 201. FIGs. 
5 10A, 10C, and 10E show front views of the coil 194 in which the 
longitudinal axis 201 is perpendicular to the plane of the 
figures. FIGs. 10B, 10D, and 10F show side views of the coil 194 
in which the longitudinal axis 201 is parallel to the plane of 
the figures. 

10 [0115] As shown in FIGs. 10A and 10B, an array of clips 240 
(three clips for each primary loop) , are used to manipulate the 
coil 194 to form the secondary loops. Referring to FIGs. 10C and 
10D, an expandable center rod 202 is inserted into the coil 194 
to provide support. The function of expandable center rod 202 is 

15 facilitate easy loading and unloading of the coil, for example, 
143 or 194. Each clip 240 rotates and twists portions of the 
coil 194 to form the secondary loops 242. The clips can rotate,, 
for example, in a range of 90 to 2 70 degrees, to form the 
secondary loops. 

20 [0116] Referring to FIGs. 10E and 10F, three longitudinal 

polymeric fibers 2 06 are attached to the exterior of the primary 
loops to maintain the positions of the primary loops relative to 
one another. In one example, the longitudinal fiber is 
stretched, using clips to hold the two ends of the fiber. The 

25 fiber is then pushed directly against the coil. The 

longitudinal fiber can be attached on one side (such as the 
outside or inside) of the coil. The longitudinal fiber can also 
be woven into the stent structure. For example, the fiber can 
attach to the outer side of the first primary loop, to the inner 

30 side of the second primary loop, to the outer side of the third 
primary loop, and so forth. 
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[0117] FIGs. 11A-11D show another process for fabricating a 
stent using the coil 194, which has extended portions 250 
farther away from a central longitudinal axis. FIGs. 11A and 11C 
show front views of the coil 194 in which the longitudinal axis 
5 of the stent is perpendicular to the plane of the figures. FIG. 
11C is seen along a cross section represented by lines 11A-11A, 
and shows the coil after the secondary loops are formed. FIGs. 
11B and 11D show side views of the coil 194 in which the 
longitudinal axis of the stent is parallel to the plane of the 
10 figures. 

[0118] Three clips 260 are used to manipulate one primary 
loop at a time to form secondary loops. The clips 260 are 
positioned in proximity to the extended portions 250. These 
clips operate in cooperation with a rotating rod 252 having a 

15 helical ridge 254. As the rod 252 rotates clockwise (as viewed 
from the right end 253 of the rod 252 towards the left end 255 
of the rod) , as shown by an arrow 256, the helical ridges 254 
push the coil 194 towards the left, as shown by arrow 258. The 
speed of movement of the coil 194 depends on the speed of 

20 rotation of the rod 252 and the pitch of the spiral ridges 254, 
and is synchronized with the speed of the clips 2 00 twisting 
portions of the coil 194 to form the secondary loops 242. 

[0119] Rod 252 has a portion 262 with a smaller diameter to 
provide space for the clips 260 to manipulate the coil 194. The 

25 clips 260 grab portions of the coil and rotate certain degrees 

(e.g., 90 to 270 degrees) to produce the secondary loops 242. As 
the coil 194 moves left and away from the rod 252, longitudinal 
fibers 206 are attached to the exterior side of the coil 194 to 
provide support and to maintain the relative positions of the 

30 primary loops . 
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[0120] Referring to FIG. 11D, another method of moving the 
coil 194 relative to the clips 260 is to use a rod 270 having 
small blocks 272 that push the coil 194 towards the left, as 
shown by an arrow 2 74. The blocks 2 72 are moved by a conveyor 
5 belt. The speed of the moving blocks 272 is synchronized with 
speed of the clips 260 in forming the secondary loops 242. As 
the coil 194 moves away from the rod 270, longitudinal fibers 
206 are attached to the exterior side of the coil 194. 

[0121] FIGs. 12A-12D show a process in which a stent having 
10 primary loops and secondary loops is produced from a straight 
wire 14 0 by first forming the secondary loops along the length 
of the wire, and then winding the wire (having the secondary 
loops) around a rod to form a coil. 

[0122] Referring to FIG. 12A, the wire 140 can be made of 
15 polymer, metal, ceramic, or composite material having a proper 
diameter and sufficient strength. Referring to FIG. 12B, clips 
280 are positioned along the length of the wire 140. The 
distance between each clip 280 can be constant or variable to 
produce stents having primary loops with constant pitch or 
20 variable pitch. 

[0123] FIGs. 12B-12D show different views of the wire 140 and 
the clips 280. FIG. 12D represents a view as seen by facing the 
longitudinal direction of the wire 140. FIGs. 12B and 12C 
represent views as seen from points PI and P2 , respectively, as 
25 shown in FIG. 12D. 

[0124] In one example, the clips 280 are magnetized to assist 
in aligning the wire 140 as the wire is wound around a rod to 
form a coil. In one example, the tips 282 of the clips 280 that 
contact the wire 140 are magnetized with different polarities. 
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In one example, the magnetic fields of the clips 280 are 
generated by passing electric current through miniature coils 
inside the clips. The magnetic fields can be turned on or off by- 
switching the electric current on or off. 

5 [0125] Referring to FIG. 12C, the clips 280 holding the wire 
140 are rotated certain degrees (e.g., in the range of 90 to 270 
degrees) . The direction and amount of rotation can be different 
for each clip 280. FIG. 12c shows an example in which the clips 
rotate in the same direction. As the clips rotate, secondary 
10 loops 284 are formed, as shown in FIG. 12E. 

[0126] Referring to FIGs. 12F and 12G, the wire 140 and the 
clips 280 are wound (along the direction shown by arrow 141) 
around a rod 286 to form a helical coil 288. Referring to FIGs. 
. 12H and 121 (which show the helical coil 288 from different 
15 views) , in the example in which the clips are magnetized, the 
magnetized portions of the clips line up so that the pitch of 
the helix is relatively constant. In the example in which the 
clips are held by another apparatus, such as guide racks, the 
apparatus can line up the clips without use of magnetic fields. 

[0127] Referring to FIG. 12J, longitudinal biodegradable 
fibers 206 are attached to the exterior side of the coil 288 to 
provide support . There are several methods of securing the 
polymeric fibers 206 to the coil 288. One method is to use 
solvent based glue to glue fiber 206 to the coil 288. Another 
method is to use a laser micro-welder to weld the fibers to the 
coil 288. The power of the laser beam is adjusted so that the 
intensity of the beam does not alter the properties of the 
polymeric material forming the coil. Laser pulses can be used to 
lower the overall beam energy level (as compared to a continuous 
laser beam) . 

24 
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[0128] Another method of securing the fibers 2 06 to the coil 
288 is to use a micro air nozzle 290 in combination with an 
optional laser beam (or infrared beam) to weld the fiber 206 to 
the coil 288. The micro air nozzle 290 ejects air whose 
5 temperature is adjustable. The diameter of the gas outlet of the 
nozzle 290 depends on the dimension of the fiber 206 and the 
wire 14 0, and can be from 5 to 500 /zm. 

[0129] To weld the fiber 206 to the coil 288, the optional 
air nozzle 290 initially emits hot gas having a temperature 

10 close to but lower than the melting point of the fiber 206 

and/or the coil 288. The hot gas is directed towards a welding 
region 294 where the fiber 206 contacts the coil 288. The hot 
gas is ejected continuously, or as pulses, onto the welding 
region 294. A laser beam (or an infrared beam) is directed to 

15 the welding region 2 94. The laser beam can heat up regions of 
the fiber 206 and the coil 288 more precisely. 

[0130] After the fiber 206 and the coil 288 are heated by the 
hot gas and the laser beam, a second nozzle 292 injects gas 
towards the fiber 206 to urge the fiber against the coil 288. By 
20 urging the fiber 206 towards the coil 288, the fiber 206 bonds 
well to the coil 288 without the need to apply glue. The second 
nozzle 292 emits cold air that cools the welding region 294. 

[0131] The hot gas from the first nozzle 290 and the laser 
beam heats the wire 14 0 and the fiber 2 06 to their melting point 
25 in a way such that only the surfaces of the wires are melted. 

The laser beam heats the surface of the fiber and wire directly, 
while the hot gas circulates the heat around the welding region 
2 94 to distribute the heat more evenly, to regions that cannot 
be directly illuminated by the laser beam. 



25 



Attorney Docket: 16641-002001 



[0132] A feature of using a combination of a laser beam and 
hot air to weld the fiber 206 to the coil 288 is that this 
process produces very little by-product. By comparison, if glue 
were used, there may be leftover glue that forms unwanted 
5 strings when the glue nozzle is removed. 

[0133] A second feature is that the property of the 

polymeric material at the welding region does not change. By 
applying temperature-controlled hot gas to the welding region, 
the surfaces of the coil 288 and the fiber 206 heats evenly, 
10 thereby eliminating over-heated hot spots that may damage the 
biodegradable material if only a laser beam were applied. 

[0134] A third feature is that, because the surfaces of the 
fiber 206 and the coil 288 are heated evenly and pressed 
together, the contact area between the fiber and the coil is 
15 larger than if only a laser beam were used. 

[0135] A fourth feature is that it takes less time for the 
fiber 206 and the coil 288 to weld together. By applying the 
cold gas to the welding region 294 after the hot gas is applied 
to the welding region, the cold gas solidifies the welding spots 
20 in a shorter amount of time than if the cold gas were not used. 

[0136] Referring to FIGs . 13A-13C, endoloops can be formed by 
using a clip 300 (held by an extended handle 302) to grasp a 
portion of a primary loop 304. As the handle 302 rotates, as 
shown by the arrow 308, the clip 300 twists the portion of the 
25 primary loop to form an endoloop 306. The clip 300 releases the 
endoloop 3 06, and grasps another portion of the primary loop. As 
the handle 302 rotates, the clip 300 twists the other portion of 
the primary loop to form a second endoloop 310. The process can 
be repeated to form other endoloops . 
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[0137] Although some examples have been discussed above, 
other implementations and applications are also within the scope 
of the following claims. For example, the coil structures shown 
in FIGs. 1A and 3 are not limited to being used as stents. They 
5 can also be used for other therapeutic purposes, such as being 
used as a scaffold for tissue regeneration. The number of 
primary loops may vary. Each primary loop can have less than 
three or more than three secondary loops. Each primary loop can 
have a mixture of peripheral loops and endoloops. A stent can 
10 have some primary loops with peripheral loops and some primary 
loops with endoloops. 

[0138] In FIGs. 12B-12J, instead of magnetizing the tips of 
the clips 280, the handles of the clips 280 (used to maneuver 
the clips ) can be magnetized. The clips 280 can also be 
15 manipulated by a machine. For example, clips 280 or the handle 
of the clips 280 can be designed to attach to racks with 
actuators or servo motors to perform the motions depicted in 
FIGS. 12B to 12J. 

[0139] Referring to FIG. 17, rather than producing a coil 
20 from a tube (as shown in FIGs. 8A to 8C) , a coil can be formed 
by extruding a material 342 (such as a biodegradable polymeric 
material, metal alloy, or composite material) from a container 
34 0, and moving the container 34 0 in a circular (or oval, 
triangular, rectangular, polygonal, user-defined) motion to 
25 produce a coil with circular (or oval, triangular, rectangular, 
polygonal, user-defined shaped) primary loops. 

[0140] Referring to FIG. 18, the container 340 can also move 
in a motion so that an extruded material 344 forms primary loops 
having secondary loops. The material 344 can be, for example, 
30 shape memory alloy. 
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[0141] The coil 101 and the fiber 106 can be made of the same 
material, or of different materials. 
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